Parental origin effect in Huntington's disease
The sex of the affected parent has a profound effect on the age of onset in HD. Paternal transmission of the gene will, on average, lead to an earlier onset of symptoms than will maternal transmission. 1-9 Most importantly, this parental origin effect seems to operate at all ages of onset in HD.8 Among the many hypotheses to explain this observation, maternal transmission of cytoplasmic factors, such as mitochondria, that would modify onset of HD has been advocated strongly.3 6 The evidence for such parent specific genomic imprinting comes mainly from experimental embryology in the mouse and is briefly summarised here.
It is widely accepted now that embryogenesis to term in the mouse and probably in all mammals requires the presence of both the maternal and the paternal set of chromosomes.12 13 In experimental embryos, a diploid set of maternal chromosomes (gynogenones) or of paternal chromosomes (androgenones) cannot compensate for the lack of the parental chromosomes from the opposite sex, and hence, these embryos die in utero. The same applies to the human equivalent of the androgenetic embryo, the complete hydatidiform mole. 14 Moreover, moles in the human and androgenetic embryos in the mouse show a strikingly similar phenotype.14 15 Finally, uniparental disomy of particular chromosomes can result in specific phenotypes in the mouse and has recently also been implicated in genetic disease in the human. 16 On the whole it appears that the degree of DNA methylation, and consequently expression, of certain alleles in the mammalian genome can be strongly dependent upon parental origin.
Hypothesis and testing
Both Erickson26 and Cattanach17 have suggested that genomic imprinting could play a role in the parental origin effect observed in HD. Indeed, the apparent lack of a significant difference between mother-offspring correlation and father-offspring correlation, as well as the absence of a multigenerational maternal lineage effect, support this notion. Moreover, there seems to be no significant difference between the correlation of age at onset in half sibs who share an affected mother and those who share an affected father, whereas the cytoplasmic inheritance model predicts a stronger correlation in half sibs sharing an affected mother. 27 We propose that the relatively earlier onset of symptoms in HD patients that inherit the gene from their father is determined by germline specific genomic imprinting of the gene, leading to While there is no evidence for or against evolutionary conservation of imprinted segments, there is an alternative to the above hypothesis. The HD mutation could result in the creation of a DNA sequence that changes 'in cis' the chromatin organisation of a domain surrounding the mutation. This signal sequence could be looked upon differently in female versus male gametogenesis and could thus determine a differentially imprinted domain dependent on parental origin. The HD gene, whether allelic or non-allelic to the mutation, would then respond to differential modification by differential expression. Again it should be stressed that switching could be incomplete, in particular with male transmission. Hence, the effect of parental origin on chromosomal modification could be influenced by genetic background and could therefore vary extensively between unrelated families. Indeed, dramatic differences in the expression of the paternal transmission effect have been described for kindreds of different ethnical provenance.30 METHYLATION 
DIFFERENCES
The HD gene has been localised to the telomeric region of the short arm of chromosome 4.28 31 A variety of DNA markers spanning hundreds of kilobases in this region are now available.28 [31] [32] [33] These markers recognise restriction fragment length polymorphisms (RFLPs) genetically linked to HD. Thus, within informative disease families, as well as in normal families, maternal and paternal DNA sequences that map to the region of the HD gene can be analysed for their methylation status. The use of pulsed field electrophoresis in conjunction with these RFLP markers will allow a maternally and a paternally determined 'methylation profile' of this region of chromosome 4 
